Study design: Cost-effectiveness analysis Objective: To establish a model to investigate the cost effectiveness for people with spinal cord injury (SCI), from a lifetime perspective, for the usage of two different single-use catheter designs: hydrophilic-coated (HC) and uncoated (UC). The model includes the long-term sequelae of impaired renal function and urinary tract infection (UTI). Setting: Analysis based on a UK perspective. Methods: A probabilistic Markov decision model was constructed, to compare lifetime costs and quality-adjusted life years, taking renal and UTI health states into consideration, as well as other catheter-related events. UTI event rates for the primary data set were based on data from hospital settings to ensure controlled and accurate reporting. A sensitivity analysis was applied to evaluate best-and worst-case scenarios. Results: The model predicts that a 36-year-old SCI patient with chronic urinary retention will live an additional 1.4 years if using HC catheters compared with UC catheters, at an incremental cost of £2100. Moreover, the lifetime number of UTI events will be reduced by 16%. All best-and worst-case estimates were within the UK threshold of being cost effective. Conclusion: The use of HC catheters for intermittent catheterisation in SCI patients is highly cost effective. The outcome is consistent irrespective of whether UTI data are collected in hospital or community settings.
INTRODUCTION
Approximately 40 000 people in the UK live with a spinal cord injury (SCI), and the current annual cost of caring for these patients is estimated to be in excess of £500 million. 1 The majority of SCI patients suffer from neurogenic bladder disturbances, including chronic urinary retention. 2 Intermittent catheterisation (IC) is considered the gold standard for long-term bladder management in this patient group, as it reduces catheter-associated urinary tract infections (UTI) and promotes greater independence. The IC procedure is also recommended by the National Institute for Health and Care Excellence (NICE). 3 IC catheters are designed for either multiple or single use. Multipleuse catheters are uncoated (UC) whereas single-use catheters are either coated or UC. In the UK, single-use catheters are considered the standard method for IC. According to the current European Association of Urology Nurses guidelines, the use of UC catheters are deemed as a factor that increases the risk of IC-related UTIs. The guidelines highlight the use of single-use, hydrophilic-coated (HC) or gelreservoir catheters, which they consider to reduce the risk of urethral trauma-another common complication of IC. 4 A recently updated Cochrane review examined the evidence on whether catheter design affects the long-term incidence of IC-related UTI. 5 Overall, there were no conclusive data for the individual catheter types, and future trials including cost-effectiveness analyses are recommended. Bermingham et al. 6 published a cost-effectiveness analysis, using data from trials with various different IC catheter types. 6 The analysis focused on the acute treatment of symptomatic UTIs, but did not consider their lifetime downstream sequelae such as renal function. Furthermore, the analysis by Bermingham et al. did not include the most recent and largest study in hospitalised SCI patients comparing UTI incidence rates for single-use HC and UC catheters. 7 The objective of the present study was to perform a cost-effectiveness analysis with a lifetime perspective of the use of two different single-use catheter designs in an adult SCI population, including long-term sequelae of impaired renal function and accessing the latest evidence.
MATERIALS AND METHODS

Design of decision model
A probabilistic Markov decision model 8 was constructed to evaluate the cost effectiveness of using HC catheters versus UC catheters. This model was designed to capture the different health states that a catheter-dependant SCI patient may experience throughout his or her lifetime. Health-related quality of life was incorporated into the model in order to capture the patient's well being (see Supplementary Material). An expert panel of six urologists and SCI rehabilitation specialists helped to develop the model structure and assessed the assumptions used. Figure 1 shows an overview of the model. The SCI cohort was classified according to the health state of their renal function (RF): RF-I (no or minor renal impairment), RF-II (major renal impairment, requiring intervention together with careful medical monitoring) and RF-III (renal failure, requiring dialysis or transplantation). Transition represents progression from one health state to the next (patients can only transition to a more severe renal state). At baseline, the whole cohort was assumed to be in health state RF-I.
Within each of the three renal health states, patients had one of three UTI-related (UR) health states: UR-I (no presence of treatment-requiring UTI), UR-II (UTI responding to initial treatment) and UR-III (UTI not responding to initial treatment). It was assumed that across all renal states (RF I-III), patients would have equal rates of UTI-related health states. Death was possible from all renal and UTI-related health states (see Supplementary Material for additional description of the model). Owing to the complexity of the model, the limited data available and the recommendation from the expert panel, it was decided to focus on UTI and renal complications, as illustrated in Figure 1 .
Data set
The objective was to obtain a data set from randomised, controlled trials with adult SCI participants using either HC or UC intermittent self-catheterisation. A comprehensive systematic literature review and cost-effectiveness analysis by Bermingham et al. 6 identified five studies evaluating HC catheters compared with UC catheters. Only two 9,10 of these studies included solely adult SCI patients. Subsequently, one further study, investigating HC versus UC in adult SCI patients, has been published; 7 this was not included in the Bermingham analysis.
Three different scenarios were considered in relation to UTI event rates. For the primary analysis (Table 1a ), UTI event rates were based on hospital records, as these data are considered the most valid because they are obtained in a controlled environment. The data set for UTI event rates in a hospital setting included a total of 175 participants using UC catheters and 165 using HC catheters (Table 1a ). The secondary data set (Table 1b) included only long-term community UTI event rates from patients with an IC history of 46 months. The third data set (Table 1c ) combined data from both hospital and community settings. The second and third data sets were used for the sensitivity analysis.
On the basis of selected studies, the primary data set relates to a hypothetical cohort suffering from chronic urinary retention (80% male, 20% female, average age 36 years). At baseline all participants were assumed to be in health state UR-I (No UTI), with a monthly risk of developing treatment-requiring UTI (UR-II; UTI responding to initial treatment) calculated to a weighted average of 64% for UC catheters. For HC catheters a reduction of 21% was applied (Table 1a) . The evidence and sources for risk estimation for transition to the other renal and UTI-related health states are described in the Supplementary Material (Supplementary Table A) , along with other key input parameters and assumptions.
Costs
Lubrication cost for UC catheters was obtained from the latest version of the NICE clinical guideline on infections, 3 and daily catheter acquisition costs were obtained from the national drug tariff, 11 assuming five catheterisations per day according to the European Association of Urology recommendation. 12 Additional treatment-related adverse event costs were derived using a clinically validated treatment pathway, based on those reported in the NICE clinical guideline on infection 3 as well as from national reference costs, as appropriate. 13 Nonprocedural costs were estimated based on the appropriate national database. 11 Costs for the renal health states RF-II (major renal impairment), RF-III (renal failure) and for the UTI-related health state UR-III (UTI not responding to initial treatment), were fixed. Supplementary Table A (supplementary material) provides data on costs in the base case as well as additional information regarding assumptions and calculations.
Model output
On the basis of the input parameters from Supplementary Table A (Supplementary material) and mortality rate statistics derived from the UK Office for National Statistics 14 (see Mortality section in Supplementary Material), the model predicts life expectancy for patients using two different intermittent catheter types, based on UTI event rates in a hospital setting. Further results from the model are expressed as incremental cost-effectiveness ratios. Incremental cost-effectiveness ratios are calculated by dividing the difference in costs associated with the two treatments by the difference in benefits expressed as quality-adjusted life years (QALYs) gained, life-years gained, and number of UTI events avoided. A cost-effectiveness plane was applied to illustrate the relation between incremental cost and QALYs gained (see cost-effectiveness plane section in Supplementary Material). A UK National Health Service perspective was used and a discount rate of 3.5% was applied for costs and benefits. 15 Results are calculated in accordance with a probabilistic sensitivity analysis, and are considered cost-effective within a £20 000/QALY-£30 000/QALY range as recommended by NICE. 15 Sensitivity analysis A deterministic one-way sensitivity analysis of selected variables (Supplementary Table B ,Supplementary Material) was performed in order to assess the impact of variations and assumptions on changes in the ICER. A scenario analysis was chosen in order to evaluate both best-and worst-case for the variables.
RESULTS
The model predicts that a 36-year-old SCI patient with chronic urinary retention using UC catheters is expected to live for an additional 22.5 years (95% credible interval (CrI) 20.7-24.3), which increases to 23.9 years (95% CrI 21.8-25.9) when using HC catheters. Cost-effectiveness analysis JF Clark et al
For the general UK population an equivalent life expectancy would be 44.4 years. 14 The probabilistic costs and benefits of each intervention, and all incremental cost-effectiveness ratios, are presented in Table 2 , and the cost-effectiveness plane is shown in Figure A of Supplementary Material. At an incremental cost of £2100 per patient, HC catheters confer 0.35 QALYs and 0.64 discounted life-years gained, resulting in an ICER of £6100 per QALY gained and £3300 per lifeyears gained per patient. 15 Estimated UTI events (undiscounted) for a patient's lifetime were reduced by 16% using HC catheters (143 UTI events) compared with UC catheters (170 UTI events; Table 2 ). This gives an ICER of £79 per overall UTI avoided per patient.
The one-way sensitivity analysis showed that HC catheters were the dominant technology (offering increased benefits at lower cost) when the UTI event rate in the long-term community setting was reduced from 0.14 for UC catheters to 0.06 for HC catheters (Table 1b) . When assessing both hospital and community periods, a UTI reduction rate of 10% (Table 1c) (Table 1a) for HC catheters was applied to the lowest published UTI event rate of 0.06 for HC catheters (Table 1b) , the ICER was estimated at £26 440 per QALY gained, which is still within the UK threshold of being costeffective. When the incidence of UTI increases, the cost-effectiveness of HC catheters will also increase. The model was largely insensitive to changes in the remaining parameters (Supplementary Table B ; Supplementary Material); results were all within the threshold considered cost-effective by NICE.
DISCUSSION
A probabilistic decision analysis was conducted in order to investigate the cost-effectiveness of HC catheters compared with UC catheters. Using a lifetime perspective, HC catheters were estimated to be a costeffective solution when compared with UC catheters, with an ICER of £6100 per QALY gained, which is within the NICE threshold of £20 000-£30 000 per QALY.
The findings are different from the results published by Bermingham et al., 6 which estimated that over lifetime, gel-reservoir catheters were associated with an average gain of 0.52 QALYs per patient compared with clean UC catheters; however, the ICER per QALY in that study exceeded the NICE recommended threshold. Bermingham et al. 6 did not include the long-term sequelae of UTI but only 'acute' management issues, and their analysis did not include the latest and largest randomised controlled trial comparing single use of UC and HC catheters. 7 In addition, the included studies had a different study population, and did not exclude to single use of either HC or UC catheters. The results showing preference of gel-reservoir catheters over HC catheters were highly affected by a single-centre crossover study with 18 patients by Giannantoni et al. 16 where the definition of UTI was not clear. The conclusions from Bermingham et al. 6 were also modified to a broader perspective, owing to limitations and gaps in the evidence base, recommending that patients should be offered a choice between HC and gel-reservoir catheters.
The 21% difference in UTI incidence rates between the HC and UC catheters applied in the present analysis was based on data collected in hospital settings (Table 1a) , whereas the 10% difference used for the sensitivity analysis used data covering both hospital and community periods (Table 1c ). The 53% difference used for the upper limit was based on a purely community setting, where participants on average had used IC for 410 years (Table 1b) . Hospital data were chosen as the primary data set, as UTI event rates were considered more valid when obtained in a controlled environment, whereas data collected after hospital discharge are based upon voluntary reporting from SCI patients. A revised analysis performed by Cochrane (oral presentation, ICS, Rio, 2014), including both community and hospital data, 9,10 showed a 21% reduction in patients experiencing treatment-requiring UTI when using HC catheters compared with UC catheters (P = 0.04). In the light of this, the 10% reduction rate applied in our sensitivity analysis for the hospital and community period may be too conservative.
The cost prices applied in our analysis are also conservative estimates compared with the cost prices used by Bermingham et al., 6 who used £1.19 for UC catheters and £1.42 for HC catheters versus our prices of £1.07 and £1.28 for UC and HC catheters, respectively. If the prices applied in Bermingham et al. 6 were used in our analysis, the difference would have been even more favourable for HC catheters.
Limitations and strengths
The most pronounced limiting factor for this cost-effectiveness model is the lack of publications on the use of HC and UC and the associated complications. In order to compensate for this, the expert panel provided input where data were unavailable. Three studies were considered eligible, as only adult SCI patients using single-use UC or HC catheters were included. Only two of the studies were included in the primary data set to establish the UTI event rates based on hospital settings used in the model. While different types of catheters are available, the model was predicated to evaluate the costeffectiveness of two types of single-use catheters, HC and UC, because they are the most frequently used catheters in UK. 11 Other equally valid decision problems on less frequently used catheters could have been addressed; for example, gel-reservoir, however, published data on their use are limited. In general, management of UTIs will always be subject to local decisions and practicalities, however, this should not influence the differences between HC and UC catheters per se. Nevertheless, it is clear that with the introduction of aseptic (European Association of Urology Nurses definition) IC the UTI complication rate is reduced markedly. 17 The model assumes five catheterisations daily, based on the recommendation by European Association of Urology. 12 In case of noncompliance with this the risk of UTI can increase, and hence the risk for further long-term sequelae and consequent economic burdens increases as well. The risk of acquiring sequelae after UTI is based on literature data, mostly collected in retrospective analyses of existing data in hospital charts; this is an uncertainty that limits the model when used in a community setting.
The life expectancy estimated by the model is lower than the actual life expectancy found for SCI patients. However, data used for the estimations are based on a hospital setting, where the incidence of UTIs is nearly three-fold that found in the community setting. However, this should not affect the incremental difference found.
In conclusion, from a UK perspective and considering the premises of the model assumptions, the use of HC catheters for IC in SCI patients is highly cost effective. The outcome is consistent irrespective of whether data are collected in hospital or community settings. The model is applicable for other countries as the data are based on international literature; however the use of country-specific costs and health care system parameters is recommended for optimal adaption.
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